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Introduction

In April 2000 by the Western Governors Association adopted the Bureau of Land Management’s
Geographic Coordinate Database (GCDB) as the preferred representation of the Public Lands Survey
System (PLSS) for GIS applications. This is significant in the western states where most land ownership
and stewardship boundaries and administrative boundaries are based on or referenced to the PLSS. That
means that any GIS data of those boundaries must use the PLSS as the mapping framework. The graphic
below shows a boundary data set that has some portions that are PLSS based. It is important to
standardize on a single representation of the PLSS in order to integrate GIS and mapping data that come
from a variety of sources. The

BLM’s GCDB program sought to

create a single source PLSS

database that could serve to

unify cadastral GIS information

across the Western US. The

GCDB, as implemented by the

BLM and as adopted by the

Western Governors Association

does meet that requirement,

and the GCDB is now available

for most of the western states.

There are however, some
challenges that emerge when
using the GCDB as a control

framework for GIS data. The first A sample GIS data that has PLSS based boundary
elements.

challenge is how to move
This particular example was digitized in 1994 (pre GCDB).

existing data from a non-GCDB
PLSS framework to the GCDB
framework. The second
challenge is how to re-adjust
data that are tied to the GCDB when the coordinates of PLSS points in the GCDB change due to accuracy
improvement projects. The State of Montana has an aggressive program to improve the spatial
accuracy of the statewide cadastral dataset by improving the coordinate accuracy of the GCDB.

A third challenge is actually developing the tools to do the adjustment. As early as 1998 the Montana
Department of Administration contacted Environmental Systems Research Institute (ESRI), asking them
to integrate GCDB/GIS adjustment tools into their software. Releases of ESRI products like ArcSurvey
and Survey Analyst made attempts to provide adjustment tools but those tools were never entirely
successful for Montana's purposes. In October 2004, ESRI’s Mr. Tim Hodson, who was involved in survey
related software development at the time, visited Montana to review and discuss these issues. On his
flight home Mr. Hodson wrote a short GCDB/GIS adjustment script which operates on the principle of
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linking the positions of original GCDB point ids with new GCDB point ids and moving the associated
geography of the feature class or classes to the new GCDB point location. This script can also work with
non-GCDB GIS databases provide that points within those databases carry a unique identifier attribute.
While some additional tool enhancements would facilitate and standardize these types of adjustments,
the script, as written by Mr. Hodson is the core utility referred to in the adjustment procedures outlined
in this document.

Overview of Spatial Issues When Referencing GIS Data to the GCDB

GIS datasets may be based on the PLSS (and other features). There are many versions of the PLSS,
though, for the most part, none are as accurate as the BLM’s version —the GCDB. And the GCDB is the
official version of the GCDB (as endorsed by the Western Governors Association).

Non-GCDB versions of the PLSS are usually not coincident with the GCDB, as shown in the figure below.
Typically this is because early versions of the PLSS were hand digitized from various map sources, such
as the USGS topographical map series.

Early versions of the PLSS were hand digitized from various
map sources, such as the USGS topographical map series.
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Because PLSS datasets rarely align well with the GCDB, any GIS boundary data that is controlled by a
non-GCDB PLSS will also not align with the GCDB. Figure below shows an example GIS data set that does
not align with the GCDB because it was originally mapped to a non-GCDB PLSS data set.

This map shows a boundary layer (orange lines) that was registered to a 1993 (non GCDB) PLSS layer. It
does not align with the GCDB (black and gray lines).
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There will be misalignment between the PLSS based
boundary elements of the GIS data, and the GCDB base
section lines, townships lines, and aliquot parts.

Overview of the GCDB File Contents

The GCDB contains points for corners of townships, sections, and quarter sections, and may also contain
other points (e.g. 1/16 corners, or meander corners). The GCDB points serve as the control for
registering GIS layers to the PLSS. That is, GIS points, lines, or polygon vertices can be snapped (made
geometrically coincident) to the GCDB. (Alternatively the GCDB line and polygon geometry can be used
as boundary primitives from which to construct more complex geometries.)

GCDB points are the basis for doing spatial accuracy improvement adjustments —i.e. the points form the
control reference points. Each GCDB point has a unique identifier attribute (PLSSID) which is universally
unique for every point in the nation. For more information on the GCDB file contents, see
http://www.blm.gov/wo/st/en/prog/more/gcdb.html. For more information about the GCDB identifier

naming schema see Nancy Von Meyer’s document on www.nationalcad.org

(http://www.nationalcad.org/data/documents/BLM-PointID-standard-summary.pdf ).
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Other boundary elements that are NOT PLSS features may include roads, rivers, and topographical
elements or administrative areas. A typical legal description may reference roadways, rivers,

Graphic of the Basic Process

P1

New control
point P1

|
][' L

P2

Old eontrol poinj P2 @ f
New eontrol

Original Polygon 0" point P2

topographical features (e.g. continental divide) and other features in addition to the Public Lands Survey
System.

Meeting the Challenges of Conforming GIS Data to the GCDB

The challenges of integrating PLSS based datasets with the GCDB can be met by performing a two-
dimension ordinary least-squares transformation (aka rubber-sheeting) process. This process uses
coordinate values for a before (old) control data set, and coordinate values for an after (new) control
data set, to calculate the change vectors (magnitude and direction of changes) by which the GIS data set
is transformed. This type of adjustment will alter the geometry of the GIS datasets by varying
magnitudes and directions based on each GIS vertices’ proximity to the change vectors. (Note: GIS
vertices are the angle points for the GIS lines and polygons).
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An additional consideration when performing the
transformation of a GIS dataset to the GCDB or to
a re-adjusted GCDB, is that many boundary layers

contain non-PLSS references, such as rivers,
mountain ridges, roadways, etc. which are not
represented in the GCDB. The non-PLSS boundary
segments typically should not move, when
adjusted to the GCDB or re-adjusted to a new
GCDB. Moving a boundary layer, such as a fire

district boundary to the GCDB may require

freezing, or holding fixed in place, the non-PLSS
segments. Holding these non-PLSS segments fixed
in place, presents its own set of challenges when

using any sort of automated transformation

process. This document outlines recommended A legal description may reference roadways, rivers,
topographical features (e.g. continental divide) and other

procedures for dealing with these challenges in _ e _
features in addition to the Public Lands Survey System .

the hope of simplifying and standardizing the
process to make GIS data match the GCDB.

Note: this document does not address the initial registration of new GIS data to the GCDB because the
methods to do this are similar to registering new data to any other control data set (e.g. snapping
features of one data set to another existing data set).

In general the solution to fixing the non-PLSS positions so that they do not move, is to create two sets of
control points for them that have duplicate IDs and duplicate coordinates in the transformation control
point files. Because the rubber-sheeting method does not permit weighting, the recommended method
for constraining certain areas or features to their original position, that is fixing their positions, is to
ensure that the points have the same coordinates in the New control file as they do in the Old control
file. One way to do this is to simply copy their IDs and coordinates from the Old control to the New
control. The process of fixing positions can be applied to any feature or parts of features that are based
on mapping controls that are superior in accuracy to the GCDB point positions.
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The Possible Scenarios

There are four possible scenarios delineating the relationship of the GIS data to the GCDB. Each scenario
prescribes an individual approach to resolving its particular challenges in integrating the GIS data with
the GCDB.

Scenario Al — GIS data are registered to the GCDB and must be readjusted to a new version of the
GCDB.

Scenario A2 — GIS data are registered to the GCDB and other features, and must be readjusted to a new
version of the GCDB (and other features).

Scenario B1 — GIS data are registered to the PLSS and must be registered to the GCDB.

Scenario B2 — GIS data are registered to the PLSS and other features, and must be registered to the
GCDB (and other features).

Scenario DataTied to GCDB Includes. GCDB Changed Recommended Process
Non-PLSS Ties

Al Yes No Yes Readjust to new GCDB

A2 Yes Yes Yes Readjust to new GCDB & hold points not

tied to GCDB
B1 No No No Linkto GCDB
B2 No Yes No Linkto GCDB & hold points not tied to GCDB
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Description of Each Process to Solve the Transformation Challenges

Ay | a2 Al | Az
Al A2 B1 | B2 |
7

Step 2

= Create
“oldl!
Control

Results

Depending on the scenario, the source from which the control points are derived will vary for the NEW
Control and the OLD Control.

Your BLM’s
Polygon or Polyline GCDB
Layer Al A2 Point Layer
\—t_____-l
Bl B2

L‘.\Vertices 7 A AZ

=) A1 )
Bl |
Point file Point file
“Old” Control “New” Control

| Note: the AT scenario uses ONLY the old GCDB as The OldConitrol. |
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Point identifiers

Point identifiers (IDs) can differentiate between GCDB points, using the standard GCDB IDs, and non-

PLSS that may use any form of identifier. All the IDS must be unique within a file (Old Control point file

or the New Control point file), but any IDs that are identical in the Old and the New point files, will be

used to generate the displacement vectors.

B Attributes of Oldcontrol

<

>
Record: ﬂ] ﬂ 1 _']ll Show: W Selected | Records ﬂ

FiD | Shape* | Point_ID -
11780 Poirt MT200290N021 0WW0_240100
11781 Poirt MT200280N021 0WW0_533100
11782 Point MT200280N021 0WW0_520660
11783 Point MT200280N0210WWD_400560
11784 Poirt MT200280N021 0WW0_360560
11785 Poirt MT200280N021 0VVD_260560
11786 Point MT200280N021 CWWD_300560
11787 Poirt MT200280N021 CWWD_320560
11788 Point MT200280N021 0WW0_240540 \
11783 Poirt MT200280N021 0WWD_260540 —
11790 Poirt fd_4
11791 Point fd_12
11792 Poirt fd_15
11793 Poirt 1d_16
11794 Point 1d_17
11795 Point fd_18
11796 Point fd_19 —
11797 Point fd_22
11798 Poirt fd_25
11799 Point fd_26
11800 Poirt fd 27 h

The two types
are differentiated
by the Point_ID
styles

PLSS points

| Non-PLSS points
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A. GIS DATA THAT ARE ALREADY REGISTERED TO THE GCDB

Scenario Al - GIS data are registered to the GCDB and must be readjusted to a new version of the
GCDB.

Setting:

The GIS data are tied to an existing GCDB, and the GCDB for the area of the GIS data has been adjusted
to new coordinates, therefore the OldControl exists as the old version of the GCDB, and the NewControl
is the adjusted version of the GCDB.

Process:

Use the old GCDB as “OldControl” and the new GCDB as the “NewControl” to rubber sheet the GIS data
to fit the new GCDB.

This is the simplest and most straight forward to deal with.

Scenario A2 - GIS data are registered to the GCDB and other features, and must be readjusted to a
new version of the GCDB.
Setting:

The GIS data are tied to an existing GCDB, and the GCDB for the area of the GIS data has been adjusted
to new coordinates, therefore the OldControl exists as the old version of the GCDB, and the NewControl
is the adjusted version of the GCDB. Additionally, the GIS boundary also follows non-GCDB features, and
these have NOT been adjusted, therefore, the GIS boundaries that follow the non-GCDB must stay in the
same place.

Process:

Use the old GCDB and the vertices of the other
features (giving the other features dummy
gcdblDs) as the “OldControl” and the new GCDB
plus the same vertices of the other features

1S{7TW

(copied directly into the control file so that the
coordinates of the other features are identical in (

the OldControl and NewControl files) as the | T
“NewControl”.

Some vertices should not move in the adjustment, so
their coordinates must be the same in the New and the
Old control point files.
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B. GIS DATA THAT ARE NOT ALREADY REGISTERED TO THE GCDB

Scenario B1 - GIS data are registered to the PLSS and must be registered to the GCDB.

Setting:

The GIS data are NOT tied to an existing GCDB therefore the OldControl must be created from the GIS
vertices and the NewControl is the GCDB.

Process:

Use the vertices of the GIS data set as the “OldControl”, assign these points GCDB IDs by performing a
spatial join to the GCDB points near them (that they SHOULD match to); use the GCDB as the
“NewControl”.

Scenario B2 - GIS data are registered to the PLSS and other features, and must be registered to the
GCDB.
Setting:

The GIS data are NOT tied to an existing GCDB, AND the GIS data has boundaries that are non-PLSS
therefore the OldControl must be created and the NewControl is the GCDB. Additionally, the GIS
boundary also follows non-GCDB features, and these have NOT been adjusted, therefore, the GIS
boundaries that follow the non-GCDB must stay in the same place.

Process:

Use the vertices of the GIS data set and the vertices of the other features, as the “OldControl”, assign
the PLSS related points GCDB IDs by performing a spatial join to the GCDB points near them (that they
SHOULD match to), and assign dummy IDs to the non-PLSS points; use the GCDB, and a copy of the
“other” features’ vertices as the “NewControl”.
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Other Considerations
TRANSITION AREA BETWEEN PLSS AND NON_PLSS BOUNDARIES:

Some additional editing might be necessary after the adjustment when non-PLSS features are
boundaries because the linkages from the PLSS to the non-PLSS may be modified by the adjustment.

Careful inspection of the adjusted data is very important for data integrity. For example, where a

boundary follows a section line to a river as shown in figure below, the boundary line coming into the

river may move to the new GCDB location. This sometimes creates a new vertex and new line as shown

in the detail in figure on the next page.

FGCDB point /

\ ,

Transition area

NoteNEw VEFtEx GCDB section line (red)

introduced by
adjustment

. @
GCDB point GCDB point
B 1

GCDB poi
s D Adjusted boundary (green)

snapped to GCDB point
\

Original boundary (orange)
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Adjusting the PLSS portion to the GCDB, but holding the river boundary fixed, may introduce geometry
changes such as shown in figure below. These types of transition areas must be inspected and dealt
with on a case by case basis, and the procedure to deal with the geometry will depend on the
descriptions of the boundary.

Transition area

Requires review
and editing

GCDB point

For more information go to the Montana GIS Coordination website

http://giscoordination.mt.gov/ under the Cadastral framework page.

or contact Stu Kirkpatrick, skirkpatrick@mt.gov or

Rj Zimmer, RjiZimmer@djanda.com
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MISCELLANEAOUS INFORMATION
Application Requirements

These are the operation requirements for using the Cadastral Adjustment utility as of the writing of this
document.

1. All datasets — control points, and GIS data to adjust, must have the same spatial reference and
units, etc.

2. Editing must be active on the data workspace.
3. There must be two control point files:

a. 0Old Control

b. New Control

4. Control point files must both have a GCDB ID field with matching strings.
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Other Notes

1.

LARGE FILES:
Adjustments that use large control point files can sometimes take hours to process.

TEST AREAS:

We recommend performing a test adjustment on a small but representative area of your project
data, prior to running a full adjustment against en entire data set. This could identify any issues
or anomalies that might arise.

OFFSET CORNERS:
Along certain township lines (standard parallels aka correction lines) there may be offset corners
in the PLSS plats. In some instances these offset corners were not digitized in GIS
representations of the PLSS, although they are present in the GCDB. The offset corners appear
as double
corners along
the township

line; however 33

the offset 32 21 N 1 3W

corners
represent one Corner for sections 32 & 33

set of corners In the township to the north \
for the sections

of the township ‘

to the south and /

another set of Corner for sections 5 & 6 OFFSET
corners for the In the township to the south

sections of the

township to the 6 20N 1 3W
north.

Boundaries that

follow township

lines along the

standard

parallels, should respect the appropriate offset corners. When one moves a GIS boundary layer
from a PLSS data set that only had one corner where there should be two, one should inspect
the boundaries along those lines to ensure they are snapped to the appropriate offset corner in
the GCDB.
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GIS to GCDB Glossary

Cadastral Adjustment Script - As used in this document, the Cadastral Adjustment script refers to a

Visual Basic script written by Tim Hodson of ESRI, that performs a rubber-sheeting adjustment of GIS
layers based on two control point files.

PLSS — Public Lands Survey System is the land allotting system design by President Thomas Jefferson for
the orderly disbursement of the western public lands. Also known as the rectangular system, the PLSS is
comprised of township blocks approximately six miles by six miles square that are further divided into
sections of land that are approximately one square mile in area.

GCDB - The Geographic Coordinate Database is the Bureau of Land Management’s computer
representation of the Public Lands Survey System. The GCDB is based on coordinates for each PLSS
corner. PLSS corners are angle points, points on line, meandered points, reference points and other
points that define the shape and location of the PLSS rectangular system, and may also include mineral
surveys, homestead entries, meanders along navigable waterways, and other survey information.

Non-PLSS - In the context of this document, this means any boundary that is not directly referenced to
the PLSS. Typically this would be metes and bounds descriptions, roadways, rivers, and other features
that are boundaries.

Non-GCDB - A non-GCDB PLSS layer is one that is not based on the GCDB. This could be a PLSS
representation from the US Census Bureau TIGER files or one that was created by an agency that
digitized PLSS tic marks on a USGS Topographical Map Series.

Register to the GCDB — As used in this document, a data set that is registered to the GCDB is one for
which the GCDB is used as the mapping control, that is, the GIS layer has at least some of its features
coincident to the GCDB points, lines, or polygons. For example, if a parcel boundary follows a section
line, and the GIS feature of that parcel uses GCDB section corner points or GCDB section lines, or GCDB
section polygons was used to define where that section line is located, then that parcel is registered to
the GCDB. This could be done by snapping the parcel vertices to the GCDB points, or by using a GCDB
line to create part of the parcel boundary.
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END OF DOCUMENT
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